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ABSTRACT 

Objectives: To show trends in age-standardised 
hospital admission ratios (SHR) for chronic lower 
respiratory diseases, estimated for Danish construction 
workers over three time periods (1981-1990, 
1991-2000, 2001-2009). 
Design: Within consecutive cohorts of all male 
building and construction workers in Denmark, 
selected occupations: bricklayers, carpenters, 
electricians, painters, plumbers and 'other construction 
workers' were followed up for hospitalisation due to 
chronic lower respiratory diseases. SHR was calculated 
for each occupation and time period. Time trend was 
calculated for construction workers at large using 
Poisson regression. 
Setting: Denmark. 

Participants: All gainfully employed male building 
and construction workers aged 20 or more. 
Primary and secondary outcome measures: 

Age-standardised and gender-standardised 
hospitalisation ratios (SHR). 
Results: The number of hospitalised construction 
workers at large was reduced from 1134 in the first 
10-year period to 699 in the last 9-year period. Among 
all Danish males, it was, however, even more reduced 
as reflected in the expected number that was down 
from 1172 to 617. Hence, SHR increased from 97 
during 1981-1990, 100 during 1991-2000 to 113 
during 2001-2009. It means that SHR increased with 
an average rate of 0.76% per year (95% CI 0.28 to 
1.24) during the study period. A low SHR=72 (95% CI 
60 to 87) was found among carpenters in 1981-1990. 
From 2001 to 2009, high SHRs were found among 
painters (SHR=147; 95% CI 111 to 192) and plumbers 
(SHR=132; 95% CI 101 to 171). In general, the 
selected groups of construction workers had, however, 
a low or average SHR due to chronic lower respiratory 
diseases. 

Conclusions: The number of hospitalised workers, 
suffering from chronic lower respiratory diseases, was 
reduced over time for construction workers, but for all 
economically active men, it was reduced even more. 
Therefore, SHR due to chronic lower respiratory 
diseases increased over time in the construction 
industry at large. 



ARTICLE SUMMARY 



Article focus 

■ The focus of the study was to show trends in 
age-standardised hospital admission ratios (SHR) 
for chronic lower respiratory diseases, estimated 
among Danish construction workers over 
three time periods (1981-1990, 1991-2000, 
2001-2009). 

■ Exposure to dust, gases, vapours and fumes 
was known to cause chronic lower respiratory 
diseases, but the incidence of these diseases 
and the change over time was not known for 
various dust-exposed building construction 
professions. 

■ The number of construction workers hospitalised 
due to chronic lower respiratory diseases was 
reduced over time for construction workers, but 
for all economically active men, it was reduced 
even more. 

Key messages 

■ A decreased standardised hospitalisation ratio 
(SHR) due to chronic lower respiratory diseases 
was found in 1991-2000 among carpenters. 
From 2001 to 2009, a high SHR was found 
among painters, plumbers and 'other construc- 
tion workers'. SHR increased significantly over 
time among 'construction workers at large'. 

■ The highest SHR's were found among workers 
aged 45 or more at baseline. 

Strengths and limitations of this study 

■ Strength of our study design is that it covers the 
entire nation and therefore neglects urbanisation 
differences and that that we are able to follow 
people over a 29-year period. 

■ Strength is also that hardly any worker is lost to 
follow-up because civil registration files and hos- 
pital records are complete. We also consider it as 
strength that our cases are hospital-discharge 
diagnoses rather than self-reported illness. 

■ The use of hospital discharge cases is, however, 
also a limitation because admission criteria change 
over time, so only relative measures such as SHR 
are reliable risk measures. 
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Time trend in COPD among building and construction workers 



INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a major 
cause of chronic morbidity and mortality throughout the 
world. COPD is currendy the fourth leading cause of 
death in the world and incidence is increasing. COPD is a 
disease characterised by airflow limitation that is not fully 
reversible. 1 A recent study based on 4757 patients from 
155 general practices in two (out of 12) counties estimated 
the overall COPD prevalence in the Danish population to 
be 9%. 2 The value is in consistence with prevalence rates 
found in Spain (10.2%) 3 and Norway (11.6%). 4 

The major environmental factor that causes COPD is 
tobacco smoke (both active 5 and passive smoking 6 ). Also 
heavy exposure to occupational dusts and chemicals 
(vapours, irritants and fumes), and indoor/outdoor air 
pollution are known risk factors. 6-17 When the occupa- 
tional exposures are sufficiendy intense or prolonged, they 
can cause COPD independentiy of cigarette smoking and 
can in addition increase the risk of the disease in the pres- 
ence of concurrent cigarette smoking. 16 The lung func- 
tion deteriorate with accumulating occupational exposure 
to dust. 17 Furthermore, ongoing occupational fume expos- 
ure has been shown to affect the rate of decline in lung 
function among men with early COPD over 5 years of 
follow-up. 7 Therefore, a substantial proportion of COPD 
cases cannot be explained by tobacco smoke alone. 18 
A recent Danish review 19 concludes: 'there is strong evi- 
dence for a causal association between various types of 
occupational exposures and COPD'. COPD should be con- 
sidered as a potentially work-related condition. 

Occupational exposure to dust and chemicals and a 
higher risk of COPD, is found in several manual occupa- 
tions. An excess risk of COPD is found among farmers, 
cotton textile workers, wood carpenters, bakers and mill 
workers who are exposed to organic dust. 8 0 However, 
exposure to inorganic material has also been associated 
with airway obstruction among welders, foundry workers, 
asphalt workers and coal miners. 8 9 12 3 

Previous studies have measured dust concentrations in 
the construction industry in a level that may constitute a 
hazard for developing chronic lower respiratory diseases. 
In the 1970s, the Swedish Construction Industry's 
Organization for Working Environment, Safety and 
Health described high peaks of dust exposure in the 
work for concrete workers, painters, plumbers, insolators 
and electricians. 14 20 A Danish study from the 1980s 
found examples where workers in the construction 
industry were exposed to 1 .2-25.5 mg/m 3 respirable 
dust (limit 5 mg/m 3 ) . 21 More recent studies have mea- 
sured respirable dust in construction industry with con- 
centrations between 2 and 3 mg/m 3 during different 
concrete tasks. 15 22 The Institute for Occupational Safety 
and Health of the German Social Accident Insurance 
measured respirable dust in different work processes 
within the construction industry and showed concentra- 
tions for bricklaying at 0.67 mg/m 3 , grinding (painters) 
at 1.24 mg/m 3 , and drilling at 1.07 mg/m 3 (concrete 
workers) (BGIA-report) . 23 These studies show that there 



has been a significant dust exposure in several profes- 
sions within the construction industry with the highest 
exposure among concrete workers. It is often assumed 
that the dust exposure today is lower but we have not 
found any up-to-date measurements to prove this. 

Two studies of tunnel workers and several studies of 
building and construction workers showed an increased 
risk of COPD. 8 11 24-26 We found no studies that followed 
the time trend in relative risk of COPD owing to occupa- 
tional exposure. 

Hence, the aim of the present study was to identify 
trends in age-standardised hospital admission ratios 
(SHR) for COPD (international classification of diseases 
version 8 (ICD-8) ) /chronic lower respiratory diseases 
(ICD-10), estimated for all Danish construction workers 
and specific construction occupations (bricklayers, car- 
penters, electricians, painters, plumbers and others com- 
bined), over three time periods (1981-1990, 1991-2000, 
2001-2009). This study should be considered descriptive 
because we have no individual data to adjust for smoking 
habits. 



MATERIALS AND METHODS 

Data for the present study were extracted from the 

27 

Occupational Hospitalisation Register (OHR). OHR is 
a research database obtained through a record-linkage 
between three national registers — the civil registration 
system, the national patient register and the employment 
classification module. Currendy, the OHR includes every 
person who has been economically active and an inhab- 
itant of Denmark sometime after 1980. 

The national patient register has existed since 1977 and 
contains data from all hospitals in Denmark (more than 
99% of all admissions) . From 1977 to 1994, the register 
only included inpatients. But from 1995 it also covers out- 
patients and emergency ward visits. In the time period 
1977-1993, the diagnoses were coded according to ICD-8. 
Since 1994, they have been coded according to ICD-10. 

The Civil Registration System contains information on 
gender, addresses and dates of birth, death and migra- 
tions for every person who is or has been an inhabitant 
of Denmark sometime between 1968 and present time. 

Since 1975, Statistics Denmark register a person's occu- 
pation and industry annually in the employment classifi- 
cation module. From 1975 to 1993, the occupations were 
coded in accordance with NYSTGR, an extended version 
of ISCO-68 (the 1968 version of the Standard 
Classification of Occupations), while the industries were 
classified by DSE77, a national version of ISIC-68 (the 
International Standard Industrial Classification of All 
Economic Activities). Since 1993, the occupations are 
coded according to DISCO-88, a national version of 
ISCO-88. In 1993-2002, the industries were coded accord- 
ing to DB93, a national version of NACE (the statistical 
classification of economic activities in the European 
Community). In 2003-2006, they were coded according 
to DB03, and since 2007, they are coded according to 
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DB07; these classifications are national versions of 

27 

NACE. The occupation classified was the one, which 
gave the highest income during the year before baseline. 



Follow-up and statistical analysis 

All economically active men in Denmark aged 20-59 in 
January 1981, 1991 and 2001 were classified according to 
their most important occupation and industry in 1980, 
1990 and 2000, respectively. These cohorts were followed 
up for first recorded hospital discharge owing to chronic 
lower respiratory diseases as a principal diagnosis, from 
1981 to 1990, 1991 to 2000 and 2001 to 2009, respectively. 
For any given individual, the follow-up ended at the date 
of the hospital admission due to chronic lower respiratory 
diseases, death or migration or at the end of the follow-up 
period whichever came first. All economically active men 
were used as standard population and standardised hospi- 
talisation ratios (SHR) for chronic lower respiratory dis- 
eases was calculated for the construction industry at large 
and for each of the following occupational groups: brick- 
layers, carpenters, electricians, painters and plumbers. 
SHRs were standardised for age and time period, where 
age-standardised SHR were calculated for three periods 
(1981-1990, 1991-2000, 2001-2009) using 5-year age 
strata based on the person's age when entering each 
period. Thus, the observed number of hospitalisation for 
chronic lower respiratory diseases for the construction 
workers were compared with the expected number of hos- 
pitalisation for chronic lower respiratory diseases for All 
Danish males for each 5-year age strata, to obtain the SHR 
for each time period. The same method was used for All 
Construction Workers and for each subgroup (bricklayers, 
carpenters, electricians, painters, plumbers and others 
combined). A person was regarded as a COPD/chronic 
lower respiratory diseases patient if he had a principal dis- 
charge diagnosis in the ICD-8 interval 490-493 (bron- 
chitis, emphysema and asthma (COPD)) or in the ICD-10 
interval J40^J47 (chronic lower respiratory diseases) . 

For the construction industry at large, we also calcu- 
lated SHR for chronic lower respiratory diseases by age 
group. We obtained the SHR for workers in, for example, 
the age group 20-24 years by (1) adding the observed 
number of cases in the time periods 1981-1990, 1991— 
2000 and 2001-2009 among those who were 20-24 years 
of age at baseline in these respective time periods; (2) 
dividing the above sum by the sum of the corresponding 
expected numbers; and (3) multiplying this ratio by 100. 
(If the rates among the 20-24-year-old construction 
workers were equal to those among the 20-24-year-old in 
the standard population (all economically active men in 
Denmark) then the SHR would be equal to 100.) 

For the SHRs, we estimated 95% CI based on the 
assumption that the observed number of cases followed 
a Poisson distribution. We calculated exact intervals 
when the observed number of cases was less than 100. 
Otherwise, we used the propagation of error formulas 
and normal approximation to form a 95% CI around 



the logarithm of the SHR, which we then transformed 
into a 95% CI around the SHR. 

We used Poisson regression to estimate the average 
annual change rate in SHR for the construction industry 
at large. As a regressor we used a variable T, which was 
set to 0 among the observations from the time period 
1981-1990, T=10 among the ones from the time period 
1991-2000 and so on. The logarithm of the 
age-standardised and time-period-standardised expected 
number of cases was used as offset. 

For each time period k, the SHR for an occupational 
category i was calculated through the following formula: 



E OBS Ijk 



SHRu 



100 x 



^ OBS ik 

V ^ x PYRS ilk 

^PYRS jk J 



where OBSy k is the observed number of cases and 
PYRSij k is the number of person years at risk in occupa- 
tional category i, age category j and time period k, while 
OBS j k and PYRS j k are the corresponding numbers in 
the standard population. 

For a given occupational category i, the SHR for age 
category j was calculated through the formula: 



SHRy = 100 x 



E OBS ljk 

k 



v OBSj, 
k PYRSjk 



x PYRS 



RESULTS 

Table 1 shows the SHRs due to chronic lower respiratory 
diseases among construction workers from different 
occupations. The number of hospitalised construction 
workers at large was reduced from 1134 in the first 
10-year period to 699 in the last 9-year period. Among 
all Danish males, it was, however, even more reduced 
as reflected in the expected number that was down 
from 1171.8 to 616.6. Hence, SHR increased from 
97 during 1981-1990, 100 during 1991-2000 to 113 
during 2001-2009. This increase was due to increasing 
SHRs in two groups: painters and 'other construction- 
workers'. 

A test for trend showed for the construction industry at 
large, that SHR increased with an average rate of 0.76% 
per year (95% CI 0.28 to 1.24) during the study period. 

We found a statistically significant increase of SHR 
among constructions workers in total, and among pain- 
ters, plumbers and 'other construction workers' but only 
for the period 2001-2009. During 1981-1990, SHR was 
significantly low for carpenters. 

Table 2 shows the SHR due to chronic lower respira- 
tory diseases among male construction workers for the 
three follow-up periods combined. SHR were increased 
for age groups more than 45 years, but only significantly 
for subjects aged 45-59 years. When looking only at the 
period 2001-2009, the SHR due to chronic lower 



Tuchsen F, Hannerz H, M0lgaard EF, etal. B/WJ Ope/7 201 2;2:e001 761. doi:1 0.1 1 36/bmjopen-201 2-001 761 



3 



Time trend in COPD among building and construction workers 



Table 1 Standardised hospitalisation ratios (SHR) due to chronic lower respiratory diseases among male Danish 
construction workers and 95% CI, 1981-1990, 1991-2000 and 2001-2009 



Occupation 


Period 


Persons 


PYRS 


Observed 


Expected 


SHR 


95% CI 


Bricklayers 


iqR1_iqqo 


1 ^qRO 

1 OJ700 


1 1A.A.QA. 


on 

oO 


1 oo r 


qi 


7R tn 111 

/ O LO 1 1 o 




1 qqi_90oo 

I v7i/ 1 Z^OOO 


qoRO 


QQflQR 

oouou 


QA 


7R 1 


1 90 


Q7 tn 1 47 

i7 / LO 1 H / 






q"3R9 


R1 R9R 


47 


44 R 


1 or 

I OO 


77 tn 1 4n 

/ / LO I HO 


Carpenters 


1 qfM _1 qqn 


ooooq 

£IOO*li7 


tiiyo i o 


1 nq 


1 ro 7 

I oo. / 


70 


Rn tn R7 
DU LO O / 




I I /lOOO 


1 R197 


1 7RTW 


19R 


141 7 

14 1./ 


RR 
oo 


74 tn 1 OR 

/ H LO I OO 


9001 — cnoq 
*ioo i £.\j\j<j 


/ OO 1 


9409RR 


qR 


1 1fi fi 
1 1 u.o 


R4 

OH 


RR tn 1 0,9 

OO LO I O/l 


F I o p 1 1" i p i a n c 

LlCOll llslCll lo 


iqR1_iqqo 

1 i/O 1 1 v7oO 


1 pqoq 


1 94RRR 


RR 


R7 R 
o / .0 


RR 
oo 


RR tn 1 1 1 

OO LO I 1 1 






1 9RRR 


1 9 c nq9 


71 


RR 4 

00.4 


R1 
oo 


rc tn 1 0.4 

OO LO I OH 


9001 — ?nnq 

ilOO I alOOC/ 


1 R0R7 


14iq7R 


4R 


Rq n 


R1 

O 1 


RO tn 1 0R 

OO LO I OO 


Pa into rc 
i all i lci o 


iqR1_iqqo 

1 oO 1 1 


RqRI 

OJ700 




R4 


77 R 
/ / .0 


R9 

0*1 


rq tn 1 0R 

OO LO I OO 




I v?i/ I /lOOO 


7RR7 

/ OO / 


7Rqq9 


79 


7D R 
/ o.o 


1 09 


RO tn 1 9R 

OO LO I C-O 


9001— 90oq 

^OO 1 /lOOC/ 


7qR9 


RqRqQ 

OoOi/O 


RR 


ir n 


147 
1 h / 


111 tn 1 q9 

1 1 1 LO 1 ZiC- 


Pli imhorc 

l 1 U 1 1 IIJcl o 


1 qR1_1 qqn 

I oO I 1 v?oO 


qRRI 

i/OOO 


3J400 


R4 

OH- 


RQ V 


1 nn 
i oo 


77 tn 1 9R 

/ / LO I £-0 




1991-2000 


8759 


85372 


55 


66.7 


83 


62 to 107 




2001-2009 


11190 


98191 


59 


44.6 


132 


101 to 171 


Other construction workers 


1981-1990 


85783 


823920 


746 


711.6 


105 


98 to 113 




1991-2000 


77836 


749332 


667 


638.7 


104 


97 to 113 




2001-2009 


69479 


609054 


391 


313.7 


125 


113 to 138 


All construction workers 


1981-1990 


155357 


1494739 


1134 


1171.8 


97 


91 to 103 




1991-2000 


134694 


1302464 


1086 


1084.3 


100 


94 to 106 




2001-2009 


141471 


1241228 


699 


616.6 


113 


105 to 122 



'YRS, person years at risk. 



respiratory diseases among all male construction workers 
was 106 (95% CI 92 to 121) among the 20-39-year-olds 
and 117 (95% CI 107 to 128) among the 40-year to 
59-year old. 



DISCUSSION 

Our data suggest that the number of hospitalised 
chronic lower respiratory diseases patients decrease over 
time, but not as fast among construction workers as 
among all economically active men. We found signifi- 
cantly high SHRs' among painters, plumbers and 'other 
construction workers combined', from 2001 to 2009 as 
well as for construction workers at large. The increased 
SHRs tend to be found among patients aged 45 or 
more. Most noteworthy is, however, an increasing time 
trend in SHR in the construction industry at large. 



Table 2 Standardised hospitalisation ratios (SHR) due to 
chronic lower respiratory diseases among male 
construction workers with 95% CI by age group 



Age group 


Persons 


Obs. 


Exp. 


SHR 


95% CI 


20-24 


60789 


198 


197.5 


100 


87 to 115 


25-29 


63236 


212 


211.5 


100 


88 to 115 


30-34 


64831 


217 


233.0 


93 


82 to 106 


35-39 


62081 


258 


268.8 


96 


85 to 108 


40-44 


55376 


301 


317.8 


95 


85 to 106 


45-49 


47907 


465 


418.1 


111 


102 to 122 


50-54 


42680 


552 


532.4 


104 


95 to 113 


55-59 


34622 


716 


693.6 


103 


96 to 1 1 1 



Chronic lower respiratory diseases often reduce the 
lung capacity among workers to half or less before they 
refer themselves to a physician. The real incidence is 
therefore likely to be higher than the incidence of hos- 
pitalised chronic lower respiratory diseases patients, but 
we have no reason to believe that the undiagnosed pro- 
portion is higher among those occupied in dusty con- 
struction work. On the contrary, workers in these 
occupations need a good lung capacity, and a chronic 
lower respiratory diseases diagnosis may therefore be sus- 
pected earlier. If so, we may overestimate the SHR 
among construction workers. 

We used the ICD-8 code '490-493' (asthma, emphy- 
sema and bronchitis) to identify hospital cases. Since 
this definition is broader than the Gold definition of 
COPD, some of our cases are not COPD patients in a 
clinical definition. This dilution weakness tends to bias 
our results towards unity. It is also a weakness of our 
study that exposure is only indicated by occupation. 
Within the same occupation, there may be different 
work tasks and thus various exposures to dust. This dilu- 
tion may also bias the results towards unity. 

Chronic lower respiratory diseases severe enough to 
require hospitalisation associated with occupational 
hazards (dust, fumes, etc) usually develop after 20-30 years 
of exposure. We do not include people older than 59 at 
baseline. Latency time, especially for emphysema, may be 
too long for a discharge to occur before the end of 
follow-up. If so, our 10-year follow-up periods may be too 
short and thus bias the SHR towards unity. It is an import- 
ant strength that the occupation is measured as the occupa- 
tion providing the highest income during the year before 
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Table 3 Smoking prevalence among all 16-70-year-old male Danish employees and all male construction workers from the 
Danish Working Environment Cohort Study 1990, 1995, 2000 and 2005 



Year Persons Smokers Per cent 95% CI 



All Danish 


1990 


3097 


1518 


49.0 


47.3 to 50.8 


employees 


1995 


2926 


1272 


43.5 


41 .7 to 45.3 




2000 


2819 


1127 


40.0 


38.2 to 41 .8 




2005 


2487 


749 


30.1 


28.3 to 31 .9 


Construction 


1990 


320 


178 


55.6 


50.2 to 61.1 


workers 


1995 


264 


118 


44.7 


38.7 to 50.7 




2000 


276 


114 


41.3 


35.5 to 47.1 




2005 


280 


87 


31.1 


25.7 to 36.5 



baseline instead of a point estimate. This is especially 
important for building and construction workers who are 
often doing other jobs or are unemployed in the winter. In 
principle, an even better risk estimate can be obtained by 
excluding all workers with less than 5 years seniority but 
previous analysis has shown that the gain in precision is 
often lost owing to lower power. However, skilled workers 
tend to stay in the same occupations even though they 
often change employer. If people are skilled and they have 
worked in the trade for a 10-year period, they may also 
have performed the same tasks for a much longer period. 

In this study, we have no individual data on smoking 
prevalence. It is a limitation of our study because 
smoking is an important risk factor for COPD. During 
1970-1989, smoking habits among Danish male skilled 
workers aged 16+ versus all Danish men (in parenthesis) 
were measured to be 59.1% (46.6%) in 1970, 56.2% 
(45.5%) in 1975, 54.8% (43.9%) in 1980, 54.2% (41.8%) 
in 1985. 28 Hence, the true dust-related SHR is likely to be 
slighdy lower than reported in the present study. 

Smoking data from the Danish Working Environment 
Cohort Study 29 collected during each of the years 1990, 
1995, 2000 and 2005 shows that smoking has been 
reduced considerably (table 3). The relative importance 
of dust to smoking has therefore increased. 

Strength of our study design is that it covers the entire 
nation and therefore neglects urbanisation differences. 
Strength is also that hardly any worker is lost to 
follow-up because civil registration files and hospital 
records are complete. We also consider it as strength 
that our cases are hospital-discharge diagnoses rather 
than self-reported illness. Finally, it is strength that we 
are able to follow people over a 29-year period. 

It takes many years of exposure to dust and a consider- 
able latency time to develop hospitalising chronic lower 
respiratory disease cases. Chronic lower respiratory dis- 
eases occurring prior to 45 years of age are usually in 
individuals with increased susceptibility due to asthma, 
emphysema, or small-airways disease. In this study, we 
showed an increased risk of hospitalisation due to 
chronic lower respiratory diseases after the age of 45 com- 
pared to the general population. This may indicate that 
dust increased the risk of hospitalisation due to chronic 
lower respiratory diseases before 1995 but not since then. 



The present study showed that painters, plumbers and 
other construction workers in combination had substan- 
tially increased SHRs compared to all Danish males 
during the most recent time period at the same time as 
the smoking pattern was average compared to all males. 

Protection against dust has been a prioritised field 
within occupational health for more than half a century. 
The awareness of the dust hazard is relatively high 
among building construction workers, and the labour 
inspection service close down dusty work processes. 
There are many possibilities to replace dusty processes 
with other less dust-producing methods (such as wet 
cutting) and new tools to collect dust at the source. 
However, wearing masks is inconvenient, it inhibits 
breathing and is warm and unpleasant. It also takes time 
and is expensive. Hence, it is still common to see dusty 
processes carried out by construction workers without 
protective masks. Furthermore, there are more quartz- 
holding concrete buildings to repair. Hand-held tools, 
such as angle grinders, pneumatic and electric drills, are 
used more and they are more powerful, that is, they can 
disintegrate more concrete into dust per time unit. The 
respirable fraction of the dust is also likely to have 
increased but it is problematic that no recent measure 
of dust exposure in various construction occupations is 
available. Therefore, it is still necessary to focus on these 
issues. 

In conclusion, we found that hospitalisation due to 
chronic lower respiratory diseases decreases, not so 
much for construction workers, however, as for other 
economically active men. For the construction industry 
at large, SHR increases over time. 
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